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(57) ABSTRACT 

A method of manufacturing for a MirrorBit® Flash memory 
includes depositing a charge-trapping material over a semi 
conductor substrate and implanting ?rst and second bitlines 
in the semiconductor substrate. A Wordline material is 
deposited over the charge-trapping dielectric material and a 
hard mask material deposited thereon. An anti-re?ective 
coating (ARC) material is deposited on the hard mask 
material and a photoresist material is deposited on the ARC 
folloWed by processing the photoresist material and the ARC 
material to form a photomask of a patterned photoresist and 
a patterned ARC. The hard mask material is processed using 
the photomask to form a hard mask. The patterned photo 
resist is removed and then the patterned ARC Without 
damaging the hard mask or the Wordline material. The 
Wordline material is processed using the hard mask to form 
a Wordline and the hard mask is removed Without damaging 
the Wordline or the charge-trapping material. 

20 Claims, 5 Drawing Sheets 



U.S. Patent Nov. 25,2003 Sheet 1 0f 5 US 6,653,190 B1 

100 m 

00 Q m 

CORE X CORE 
D d 00 m e°° er 191‘ no 

108 
106 _ 106 

Y Decoder Y Decoder 
110 110 

no 1_§ 

FIG. 1 (PRIOR ART) 

\l‘ V V 

201 i 202 203 204 l \I\ \'\ \rx \'\ \'\ 206 

200 

215 216 217 218 219 220 221 222 

208 209 210 211 212 

FIG. 2 (PRIOR ART) 



US 6,653,190 B1 

104 

102 I g 

Nov. 25, 2003 Sheet 2 0f 5 

4A? +4A 
m m n m ml m m In 5 

l 

I 

I 
llllllllll-llll'll 

lllllllllillllll 

llllllllllllllll 

I'IIIIIIIIILIIIII 

IIIIIIIIIIIIIIII 

\UUUUUUUU I 

U.S. Patent 

200 

\/\ 

KFI 
5 
<""'I'| I lllllll‘l'l-l'f'll 

302 < 

304 

FIG. 3 (PRIOR ART) 

426 420 

Q 
422 420 418 

40 

410 
408 
406 

/ 
[A 424 

402 

FIG. 4A (PRIOR ART) 



U.S. Patent Nov. 25,2003 Sheet 3 0f 5 US 6,653,190 B1 

FIG. 4B (PRIOR ART) 
500 

FIG. 5 



U.S. Patent Nov. 25,2003 Sheet 4 0f 5 US 6,653,190 B1 

510 
508 
506 



U.S. Patent Nov. 25,2003 Sheet 5 0f 5 US 6,653,190 B1 

600“ ——I 
PROVIDING SILICON 

SUBSTRATE FORMING g’II-éOTOMASK 
E _ 

IMPLANTING 
THRESHOLD FORMING HARD MASK 

ADJUSTMENT IMPLANT w 
@ 

REMOVING 
DEPOSITING CHARGE- PHOTORESIST 
TRAPPING LAYER E MASTERIAL 

E 

FIG. 10 

REMOVING ARC 
|MPLANTIIgIé38BIT LINES MATERIAL 

— Q2 

DEPOSITING WORDLINE 
MATERIAL FORMING WORDLINE 

610 % 

DEPOSITING HARD 
MASK MATERIAL REMOVING HARD MASK 
w §2_6 

DEPOSITING ARC AND 
PHOTORESIST FORMING SPACER 
MATERIAL Q5 
% 



US 6,653,190 B1 
1 

FLASH MEMORY WITH CONTROLLED 
WORDLINE WIDTH 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates generally to semiconductor 
technology and more speci?cally to controlling Wordline 
Width in MirrorBit® Flash memory. 

2. Background Art 
Various types of memories have been developed in the 

past as electronic memory media for computers and similar 
systems. Such memories include electrically erasable pro 
grammable read only memory (EEPROM) and electrically 
programmable read only memory (EPROM). Each type of 
memory had advantages and disadvantages. EEPROM can 
be easily erased Without extra exterior equipment but With 
reduced data storage density, loWer speed, and higher cost. 
EPROM, in contrast, is less expensive and has greater 
density but lack erasability. 
A neWer type of memory called “Flash” EEPROM, or 

Flash memory, has become extremely popular because it 
combines the advantages of the high density and loW cost of 
EPROM With the electrical erasability of EEPROM. Flash 
memory can be reWritten and can hold its contents Without 
poWer. It is used in many portable electronic products, such 
as cell phone, portable computers, voice recorders, etc. as 
Well as in many larger electronic systems, such as cars, 
planes, industrial control systems, etc. 

In Flash memory, bits of information are programmed 
individually as in the older types of memory, such as 
dynamic random access memory (DRAM) and static ran 
dom access memory (SRAM) memory chips. HoWever, in 
DRAMs and SRAMs Where individual bits can be erased 
one at a time, Flash memory must currently be erased in 
?xed multi-bit blocks or sectors. 

Conventionally, Flash memory is constructed of many 
Flash memory cells Where a single bit is stored in each 
memory cell and the cells are programmed by hot electron 
injection and erased by FoWler-Nordheim tunneling. 
HoWever, increased market demand has driven the devel 
opment of Flash memory cells to increase both the speed and 
the density. NeWer Flash memory cells have been developed 
that alloW more than a single bit to be stored in each cell. 

One memory cell structure involves the storage of more 
than one level of charge to be stored in a memory cell With 
each level representative of a bit. This structure is referred 
to as a multi-level storage (MLS) architecture. 
Unfortunately, this structure inherently requires a great deal 
of precision in both programming and reading the differ 
ences in the levels to be able to distinguish the bits. If a 
memory cell using the MLS architecture is overcharged, 
even by a small amount, the only Way to correct the bit error 
Would be to erase the memory cell and totally reprogram the 
memory cell. The need in the MLS architecture to precisely 
control the amount of charge in a memory cell While 
programming also makes the technology sloWer and the data 
less reliable. It also takes longer to access or “read” precise 
amounts of charge. 

Thus, both speed and reliability are sacri?ced in order to 
improve memory cell density. 
An even neWer technology alloWing multiple bits to be 

stored in a single cell is knoWn as “MirrorBit®” Flash 
memory has been developed. In this technology, a memory 
cell is essentially split into tWo identical (mirrored) parts, 
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2 
each of Which is formulated for storing one of tWo indepen 
dent bits. Each MirrorBit Flash memory cell, like a tradi 
tional Flash cell, has a gate With a source and a drain. 
HoWever, unlike a traditional Flash cell in Which the source 
is alWays connected to an electrical source and the drain is 
alWays connected to an electrical drain, each MirrorBit Flash 
memory cell can have the connections of the source and 
drain reversed during operation to permit the storing of tWo 
bits. 

The MirrorBit Flash memory cell has a semiconductor 
substrate With implanted conductive bitlines. A multilayer 
storage layer, referred to as a “charge-trapping dielectric 
layer”, is formed over the semiconductor substrate. The 
charge-trapping dielectric layer can generally be composed 
of three separate layers: a ?rst insulating layer, a charge 
trapping layer, and a second insulating layer. Wordlines are 
formed over the charge-trapping dielectric layer perpendicu 
lar to the bitlines. Programming circuitry controls tWo bits 
per cell by applying a signal to the Wordline, Which acts as 
a control gate, and changing bitline connections such that 
one bit is stored by source and drain being connected in one 
arrangement and a complementary bit is stored by the source 
and drain being interchanged in another arrangement. 
Programming of the cell is accomplished in one direction 

and reading is accomplished in a direction opposite that in 
Which it is programmed. 
A major problem With the MirrorBit architecture has been 

discovered as the memory cells are scaled doWn in siZe or 
shrunk and the electrical resistance of the cells increases 
faster than the scale doWn in siZe. The relatively higher 
electrical resistance in smaller devices results in higher 
poWer requirements, and subsequent heat generation With 
reduced life expectancy, for the memory cell. 
A solution to this problem has been long sought but has 

long eluded those skilled in the art. 

DISCLOSURE OF THE INVENTION 

The present invention provides a manufacturing method 
for semiconductor devices, Which includes providing a 
semiconductor substrate and depositing a charge-trapping 
dielectric layer. First and second bitlines are implanted and 
a Wordline material is deposited over the charge-trapping 
dielectric material and a hard mask material deposited 
thereon. An anti-re?ective coating (ARC) material is depos 
ited on the hard mask material and a photoresist material is 
deposited on the ARC folloWed by processing the photore 
sist material and the ARC material to form a photomask of 
a patterned photoresist and a patterned ARC. The hard mask 
material is processed using the photomask to form a hard 
mask. The patterned photoresist is removed and then the 
patterned ARC Without damaging the hard mask or the 
Wordline material. The Wordline material is processed using 
the hard mask to form a Wordline and the hard mask is 
removed Without damaging the Wordline or the charge 
trapping material. With the Wordlines of the design Widths, 
the higher electrical resistance in smaller devices is reduced 
resulting in loWer poWer requirements, and subsequent 
reduced heat generation With longer life expectancy, for the 
memory cell. Further, With control over the Wordlines 
Widths, the memory cells can be placed closer together 
resulting in further siZe reductions for the entire circuitry. 
The above and additional advantages of the present inven 

tion Will become apparent to those skilled in the art from a 
reading of the folloWing detailed description When taken in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 (PRIOR ART) is a plan vieW of a conventional 
MirrorBit Flash EEPROM; 
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FIG. 2 (PRIOR ART) is a circuit schematic of a portion 
of one of the M><N array cores of FIG. 1 (PRIOR ART); 

FIG. 3 (PRIOR ART) is a plan vieW of a portion of one 
of the M><N array cores 104 of FIG. 1 (PRIOR ART); 

FIG. 4A (PRIOR ART) is a cross-sectional isometric vieW 
of a typical MirrorBit Flash memory cell along the line 
4A—4A of FIG. 3 (PRIOR ART); 

FIG. 4B (PRIOR ART) is a cross-sectional vieW of the 
typical MirrorBit Flash memory cell during one stage of 
manufacturing; 

FIG. 5 is a cross-sectional vieW of a partially processed 
memory cell similar to a cross-sectional vieW along line 
5—5 in FIG. 3 (PRIOR ART); 

FIG. 6 is the structure of FIG. 5 after formation of a hard 
mask and removal of the photoresist and the ARC layer; 

FIG. 7 is the structure of FIG. 6 after processing using the 
hard mask to form Wordlines; 

FIG. 8 is the structure of FIG. 7 after deposition of a 
spacer material; 

FIG. 9 is the structure of FIG. 8 With saliciding; and 
FIG. 10 is shoWn a simpli?ed process chart of the present 

invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring noW to FIG. 1 (PRIOR ART), therein is shoWn 
a plan vieW of a MirrorBit® Flash EEPROM 100, Which 
commonly includes a semiconductor substrate 102 in Which 
one or more high-density core regions and one or more 

loW-density peripheral portions are formed. High-density 
core regions typically include one or more M><N array cores 
104 of individually addressable, substantially identical Mir 
rorBit Flash memory cells. LoW-density peripheral portions 
typically include input/output (I/O) circuitry and program 
ming circuitry for selectively addressing the individual 
memory cells. The programming circuitry is represented in 
part by and includes one or more x-decoders 108 and 
y-decoders 110, cooperating with U0 circuitry 106 for 
connecting the source, gate, and drain of selected addressed 
memory cells to predetermined voltages or impedances to 
effect designated operations on the memory cell, e.g., 
programming, reading, and erasing, and deriving necessary 
voltages to effect such operations. 

The term “horizontal” as used in herein is de?ned as a 
plane parallel to the conventional plane or surface the 
semiconductor substrate 102 regardless of its orientation. 
The term “vertical” refers to a direction perpendicular to the 
horiZontal as just de?ned. Terms, such as “on”, “above”, 
“beloW”, “higher”, “loWer”, “over”, “under”, “thick”, “side” 
and “beside”, are de?ned With respect to these horiZontal 
and vertical planes. The term “processed” as used herein is 
de?ned to include one or more of the folloWing: depositing 
or groWing semiconductor materials, masking, patterning, 
photolithography, etching, implanting, removal, and/or 
stripping. 

Referring noW to FIG. 2 (PRIOR ART), therein is shoWn 
a circuit schematic of a portion of one of the M><N array 
cores 104 of FIG. 1 (PRIOR ART). The circuit schematic 
shoWs a line of memory cells 200, Which includes memory 
cells 201 through 204 and Which together can form an 8-bit 
Word. Each of the memory cells 201 through 204 is con 
nected to a Wordline 206, Which acts as a control gate. Each 
of the memory cells 201 through 204 has tWo associated 
bitlines With most of the memory cells having a common 
bitline. The memory cell 201 has associated bitlines 208 and 
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209; the memory cell 202 has associated bitlines 209 and 
210; the memory cell 203 has associated bitlines 210 and 
211; and the memory cell 204 has associated bitlines 211 and 
212. 

Depending upon a signal on the Wordline and the con 
nection of the bitlines in a memory cell to an electrical 
source or drain, the memory cells 201 through 204 are 
capable of Writing, reading, and erasing bits at locations 215 
through 222. For example, control of the bit at location 215 
is achieved through connection of the drain to the bitline 208 
and the source to the bitline 209. Similarly, control of the bit 
at location 216 is achieved through connection of the drain 
to the bitline 209 and the source to the bitline 208. Although 
adjacent memory cells share common bitlines, the adjacent 
memory cells do not interfere With each other because the 
memory cells are programmed one at a time and only one 
memory cell is active at a time While programming. 

Referring noW to FIG. 3 (PRIOR ART), therein is shoWn 
a plan vieW of a portion of one of the M><N array cores 104 
of FIG. 1 (PRIOR ART). The semiconductor substrate 102 
has a plurality of implanted bitlines 304 extending in parallel 
With a plurality of formed Wordlines 302 extending in 
parallel and at right angles to the plurality of implanted 
bitlines 304. The Wordlines 302 and bitlines 304 have 
contacts and interconnections (not shoWn) to the program 
ming circuitry represented in part by x-decoders 108 and 
y-decoders 110 of FIG. 1 (PRIOR ART). 

Referring noW to FIG. 4A (PRIOR ART), therein is shoWn 
a cross-sectional isometric vieW of a typical MirrorBit Flash 
memory cell along the line 4—4 of FIG. 3 (PRIOR ART), 
such as a memory cell 400. The semiconductor substrate 102 
is a p-doped silicon substrate With a threshold adjustment 
implant 402 of a p-type material, such as boron. The 
threshold adjustment implant 402 provides a region that is 
more heavily doped than the semiconductor substrate 102 
itself and assists in the control of the threshold voltage of the 
memory cell 400. 
A charge-trapping dielectric layer 404 is deposited over 

the semiconductor substrate 102. The charge-trapping 
dielectric layer 404 generally can be composed of three 
separate layers: a ?rst insulating layer 406, a charge-trapping 
layer 408, and a second insulating layer 410. The ?rst and 
second insulating layers 406 and 410 are of an oxide 
dielectric such as silicon dioxide (SiO2) and the charge 
trapping layer 408 is of a nitride dielectric such as silicon 
nitride (SixNy). The oxide-nitride-oxide con?guration is 
frequently referred to as a matter of convenience as an 
“ONO layer”. 
The bitlines 304 of FIG. 3 (PRIOR ART) are implanted 

under the charge-trapping dielectric layer 404 in the semi 
conductor substrate 102 as typi?ed by ?rst and second 
conductive bitlines 412 and 414. They are typically of an 
implanted n-type material, such as arsenic, and can include 
an oxide portion (not shoWn) in some embodiments. The 
?rst and second conductive bitlines 412 and 414 are spaced 
apart and de?ne a volume betWeen them With the threshold 
adjustment implant 402, Which is a channel 416. 
A material, such as polysilicon, is deposited over the 

charge-trapping dielectric layer 404, patterned, etched, and 
stripped resulting in a Wordline 418. The Wordline 418 is one 
of the Wordlines 302 in FIG. 3 (PRIOR ART). 

It is understood that the implementation of each step in 
manufacturing has associated processing steps. 
The locations 420 through 422 indicate Where bits can be 

stored in the memory cell 400 and locations 424 and 426 are 
adjacent locations, Which are independent of the memory 
cell 400. 
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As explained brie?y earlier, major problem With the 
MirrorBit architecture has been discovered as the memory 
cells are scaled doWn in siZe or shrunk and the resistance 
increases faster than the decreased in the siZe of the memory 
cells. 

Referring noW to FIG. 4B (PRIOR ART), therein is shoWn 
a cross-sectional vieW of the memory cell 400 during one 
stage of manufacturing. The same numbers in FIG. 4B 
(PRIOR ART) refer to the same elements as in FIG. 4A 
(PRIOR ART). 
A photoresist material 430 is deposited on an optional 

anti-re?ective coating (ARC) material 432, Which is on a 
Wordline material 434. The photoresist material 430 is 
processed ?rst and the ARC material 432 is processed 
second using the processed photoresist to be a combination 
photomask 436 for the Wordline material 434. The optional 
ARC material 432 is used to absorb light passing through the 
photoresist material 430 by reducing standing Waves and 
re?ection back into the photoresist material 430. 

The processing of the Wordline material 434 is intended to 
form Wordlines having a Wordline outline 438, a Width “W”, 
and a space betWeen Wordlines of “S”. 

In the past, after the photoresist material 430 and the ARC 
material 432 are removed, the Wordlines Were found to have 
shrunk to form Wordlines 441 through 444, Which have 
typical Widths “W” and increased typical spacing “s”. The 
term “typical” is used because the “W” and “s” varied 
randomly. 

This resulted in the electrical resistance of the memory 
cells increasing faster than the scale doWn in siZe because 
the Wordlines Were narroWer in some places than designed. 
The relatively higher electrical resistance in smaller devices 
resulted in higher poWer requirements, and subsequent heat 
generation With reduced life expectancy, for the memory 
cell. 

Further, the randomness of “W” and “s”, and limitations 
on hoW small the etch openings in the photomask could be 
made, made it dif?cult to have properly spaced and siZed 
Wordlines so as to be able to minimiZe the siZe of the Flash 
device. This is because a minimally siZed space might have 
a random “s” Which Was too small or non-existent. 

After much investigation, it Was discovered that there 
Were a number of different contributing factors to the 
problem. It Was discovered that during the processing of the 
ARC material 432, the sides of the patterned photoresist and 
the ARC material as it Was patterned Would erode slightly. 
Thus, the combination photomask 436 Would start off With 
the Wordlines slightly narroWer than the original photomask 
With the Wordlines at “W”. The etching through the rela 
tively thick Wordline material Would cause further erosion of 
the combination photomask 436 in a someWhat random 
manner. In addition, during the removal of the ARC 
material, Which requires a different removal process from 
the photoresist, there Would be some additional reduction in 
the Wordline Width. 

Essentially, at the beginning of etching, the Wordline 
Would have the Width “W”. Over time, the edges of the 
combination photomask 436 Would start to erode until the 
Wordlines 441 through 444 Were formed having the typical 
Widths “W”. 

For example, this Would be true using an organic photo 
resist material, an organic ARC material, and a polysilicon 
Wordline material. 

Referring noW to FIG. 5, therein is shoWn a cross 
sectional vieW of a partially processed memory cell 500 
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6 
similar to a cross-sectional vieW along line 5—5 in FIG. 3 
(PRIOR ART). A p-type silicon substrate 501 has been 
implanted or processed With a p-type threshold adjustment 
implant 502. 
A charge-trapping dielectric layer 504 is deposited over 

the silicon substrate 501. The charge-trapping dielectric 
layer 504 generally can be composed of three separate 
layers: a ?rst insulating layer 506, a charge-trapping layer 
508, and a second insulating layer 510. The ?rst and second 
insulating layers 506 and 510 may be of an oxide dielectric 
such as silicon dioxide (SiO2) and the charge-trapping layer 
508 may be of a nitride dielectric such as silicon nitride 
(SixNy) to form an ONO layer. It Will be noted that the 
present invention is not limited to speci?c dielectric or 
charge-trapping materials. 
The bitlines, as typi?ed by a ?rst n-type bitline 512, are 

implanted under the charge-trapping dielectric layer 504 in 
the silicon substrate 501 and a Wordline material 515, such 
as polysilicon, has been deposited over the charge-trapping 
dielectric layer 504. Again, it Will be noted that the present 
invention is not limited to speci?c bitline or gate materials. 
For example, NPN structures are shoWn but the structures 
can also be PNP. 

A hard mask material 516 has been deposited over the 
Wordline material 515 and has not been processed. An ARC 
material 517 has been deposited over the hard mask material 
516 and a photoresist material 518 has been deposited over 
the ARC material 517. Further, both the photoresist material 
518 and the ARC material 517 have been processed (i.e., the 
materials have been deposited, masked, patterned, exposed, 
and etched) into a combination photomask 520 for process 
ing the hard mask material 516. 

Referring noW to FIG. 6, therein is shoWn the structure of 
FIG. 5 after formation of a hard mask 519 and removal of 
the combination photomask 520. The hard mask 519 has 
spaces 521 through 523 and is used alone to create the 
structure of FIG. 7. 

Referring noW to FIG. 7, therein is shoWn the structure of 
FIG. 6 after processing using the hard mask 519 to form 
Wordlines 525 through 528. Since the hard mask 519 is thin, 
the Wordlines 525 through 528 are the same siZe as the 
originally patterned photomask 520 Without being narroWed. 
Thus, the Wordline Width and spacing can be controlled to be 
the proper siZe as designed. 

Referring noW to FIG. 8 therein is shoWn the structure of 
FIG. 7 after removal of the hard mask 519. An inorganic 
spacer material 534 has been deposited because it is required 
for the peripheral portions of the Flash EEPROM 100 of 
FIG. 1. 

Referring noW to FIG. 9, therein is shoWn the structure of 
FIG. 8 after etching of spacer material 534 to form spacers 
535 through 538 around the respective Wordlines 525 
through 528. If the spacers 535 through 538 are not formed, 
an additional masking step of the entire core is required or 
additional processing steps to provide access to the bitlines. 

Referring noW to FIG. 10, therein is shoWn a simpli?ed 
process chart 600 of the present invention Which includes: 
providing a semiconductor substrate 602; implanting a 
threshold adjustment implant 604; depositing a charge 
trapping dielectric material 606; implanting bitlines 608; 
depositing Wordline material 610; depositing hard mask 
material 612; depositing ARC and photoresist material 614; 
forming a photomask 616; forming a hard is mask 618; 
removing photoresist material 620; removing ARC material 
622; forming Wordline 624; removing hard mask 626, and 
forming spacer 628. Various alternative sequences, 
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additions, and deletions to this process chart Would be 
obvious to those skilled in the art from a detailed reading of 
the present disclosure. 
As a result of developing the above process, it Was 

discovered that certain physical characteristics Were neces 
sary among the charge-trapping dielectric material, the 
Wordline material, the hard mask material, and the ARC 
material or the photoresist material. 

The hard mask material 516 needs to be formulated to be 
a material that can be removed from the Wordline material 
515 Without the removal process damaging any eXposed 
portion (undamaged or previously damaged) of the charge 
trapping dielectric layer 504 at the same time. The dif?culty 
of removal is a function of selectivity and it has been 
discovered that there must be a selectivity of at least 5:1 
from the hard mask material 516 to the charge-trapping 
dielectric layer 504 and also from the Wordline material 515 
to the hard mask material 516. 

For example, Where the charge-trapping dielectric layer 
504 is an ONO layer and it is eXpected that the top oXide 
layer Will be already slightly damaged, the concern Will be 
the possibility of damaging the middle nitride layer. This 
means that a high selectivity of the hard mask material 516 
to the middle nitride layer is desired of the order of 20:1. In 
addition, if the Wordline material 515 is of polysilicon, the 
hard mask material 516 should be of a material having a 
loWer silicon content than the polysilicon, such as silicon 
oxide. The removal process Will avoid damaging the middle 
nitride layer but Will alloW easy removal of the hard mask 
material 516 from the polysilicon Wordline material. For 
different combinations of materials in the charge-trapping 
dielectric layer 504 and processing modi?cations, other 
materials could be used, for eXample a nitride such as silicon 
nitride or a silicon oXynitride. 

The ARC material 517 needs to be formulated to be a 
material that can be easily removed from the hard mask 
material 516 Without the removal process damaging either 
the hard mask material 516 or the eXposed portion of the 
Wordline material 515. Unexpectedly, it has been found that 
removal damage to the Wordline material 515 can cause 
accelerated etching under the damaged areas, Which may 
result in damage to the charge-trapping dielectric layer 504 
by the Wordline etching process. It has been discovered that 
there must be a selectivity of at least 2:1 from the ARC 
material 517 to the hard mask material 516 and also a 
selectivity of at least 2:1 from the ARC material 517 to the 
Wordline material 515. 

For eXample, Where the hard mask material 516 is an 
oXide and the Wordline material 515 is polysilicon, the ARC 
material 517 can be an organic ARC material, such as an 
organic polymer material, or an inorganic material, such as 
silicon nitride, nitrogen rich silicon nitride or nitrogen rich 
silicon oXynitride. 

The photoresist Will generally be an organic polymer. 
Various implementations of the method may be used in 

different electronic devices and especially the dual bit 
memory cell architecture may be achieved according to one 
or more aspects of the present invention. In particular, the 
invention is applicable to memory devices Wherein both bits 
in a dual bit cell are used for data or information storage. 

While the invention has been described in conjunction 
With a speci?c best mode, it is to be understood that many 
alternatives, modi?cations, and variations Will be apparent 
to those skilled in the art in light of the aforegoing descrip 
tion. Accordingly, it is intended to embrace all such 
alternatives, modi?cations, and variations that fall Within the 
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spirit and scope of the included claims. All matters hither 
to-fore set forth or shoWn in the accompanying draWings are 
to be interpreted in an illustrative and non-limiting sense. 

The invention claimed is: 
1. A method of manufacturing an integrated circuit com 

prising. 
depositing a charge-trapping material over a semiconduc 

tor substrate; 
forming ?rst and second bitlines in the semiconductor 

substrate; 
depositing a Wordline material over the charge-trapping 

material; 
depositing a hard mask material over the Wordline mate 

rial; 
depositing an anti-re?ective coating material over the 

hard mask material; 
depositing a photoresist material over the anti-re?ective 

coating material; 
processing the photoresist material and the anti-re?ective 

coating material to form a photomask of a patterned 
photoresist material and a patterned anti-re?ective 
coating material; 

processing the hard mask material using the photomask to 
form a hard mask: 

removing the patterned photoresist; 
removing the patterned anti-re?ective coating material 

Without damaging at least one of the hard mask, the 
Wordline material, and a combination thereof; 

processing the Wordline material using the hard mask to 
form a Wordline; and 

removing the hard mask Without damaging at least one of 
the Wordline, the charge-trapping material, and a com 
bination thereof. 

2. The method of manufacturing an integrated circuit as 
claimed in claim 1 Wherein removing the patterned anti 
re?ective coating material uses an anti-re?ective coating 
material formulated to be more easily removable than the 
hard mask material. 

3. The method of manufacturing an integrated circuit as 
claimed in claim 1 Wherein removing the patterned anti 
re?ective coating material uses an anti-re?ective coating 
material formulated to be more easily removable than the 
Wordline material. 

4. The method of manufacturing an integrated circuit as 
claimed in claim 1 Wherein removing the hard mask uses a 
hard mask material formulated to be more easily removable 
than the charge-trapping material. 

5. The method of manufacturing an integrated circuit as 
claimed in claim 1 Wherein processing the Wordline uses a 
Wordline material formulated to be more easily removable 
than the bard mask material. 

6. The method of manufacturing an integrated circuit as 
claimed in claim 1 Wherein depositing the hard mask mate 
rial deposits an inorganic material. 

7. The method of manufacturing an integrated circuit as 
claimed in claim 1 Wherein the charge-trapping material is 
composed of: 

a ?rst dielectric material; 

a charge-trapping material over the ?rst dielectric mate 
rial; and 

a second dielectric material over the charge-trapping 
material. 
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8. A method of manufacturing an integrated circuit com 
prising: 

providing a semiconductor substrate; 
depositing a charge-trapping dielectric layer over the 

silicon substrate; 
implanting ?rst and second bitlines in the silicon sub 

strate; 
depositing a polysilicon Wordline material over the 

charge-trapping dielectric material; 
depositing a bard mask material over the polysilicon 

Wordline material; 
depositing an anti-re?ective coating material over the 

hard mask material; 
depositing a photoresist material over the anti-re?ective 

coating material; 
processing the photoresist material; 
processing the anti-re?ective coating material to form a 

combination photomask of patterned photoresist mate 
rial and patterned anti-re?ective coating material; 

processing the hard mask material using the combination 
photomask to form a hard mask; 

removing the patterned photoresist over the patterned 
anti-re?ective coating material Without damaging at 
least one of the anti-re?ective coating material, the hard 
mask material, and a combination thereof; 

removing the patterned anti-re?ective coating material 
Without damaging at least one of the hard mask, the 
Wordline material, and a combination thereof; 

processing the polysilicon Wordline material using the 
hard mask to form a polysilicon Wordline; and 

removing the hard mask Without damaging at least one of 
the Wordline, the charge-trapping material, and a com 
bination thereof. 

9. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein removing the patterned anti 
re?ective coating material uses a removal process having at 
least a 2:1 selectivity of the anti-re?ective coating material 
to the hard mask material. 

10. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein removing the patterned anti 
re?ective coating material uses a removal process having at 
least a 2:1 selectivity of the anti-re?ective coating material 
to the Wordline material. 

11. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein removing the hard mask uses a 
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removal process having at least a 5:1 selectivity of the hard 
mask material to the charge-trapping dielectric material. 

12. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein processing the polysilicon 
Wordline material uses a removal process having at least a 
5:1 selectivity of the polysilicon Wordline material to the 
hard mask material. 

13. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein depositing the anti-re?ective 
coating material deposits on the hard mask material at least 
one of an organic polymer material and a nitrogen rich 
silicon material. 

14. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein depositing the anti-re?ective 
coating material deposits on the hard mask material at least 
one of an organic polymer material, silicon nitride, nitrogen 
rich silicon nitride, and a nitrogen rich silicon oXynitride. 

15. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein depositing the hard mask mate 
rial deposits a material having less silicon than the polysili 
con Wordline material. 

16. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein depositing the photoresist mate 
rial deposits an organic polymer. 

17. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein: 

depositing the charge-trapping material deposits a charge 
trapping material betWeen tWo insulating materials; 

depositing the hard mask material deposits a material 
different from the charge-trapping material; and 

depositing the anti-re?ective coating material deposits a 
material different from the hard mask material. 

18. The method of manufacturing an integrated circuit as 
claimed in claim 8 including depositing an inorganic spacer 
material and forming inorganic spacers around the polysili 
con Wordline. 

19. The method of manufacturing an integrated circuit as 
claimed in claim 8 including implanting a p-type threshold 
adjustment implant into the p-type silicon substrate. 

20. The method of manufacturing an integrated circuit as 
claimed in claim 8 Wherein the charge-trapping dielectric 
material is composed of: 

a ?rst oXide material; 
a nitride material over the ?rst oXide material; and 
a second oXide material over the nitride material. 
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